In this study, generation of electricity from pretreated palm oil mill effluent (POME) using Klebsiella variicola was investigated. POME wastewater with a COD value 68,360 mg/l was subjected to pretreatment with ultrasonication and used as a substrate. MFCs (Microbial Fuel Cell), enriched with pretreated palm oil mill effluent (POME) were subjected to generate electricity by using inoculation of K. variicola, collected from city wastewater. K. Variicola was isolated from city wastewater as well as from biofilm of MFC and identified using BIOLOG gene III analysis. The electrochemical activity and the performance of the MFC were evaluated by polarization curve measurement. The MFC showed average power density of 1648.70 mW/m 3 and 1280.56 mW/m 3 were obtained from ultrasonication pretrated POME and untreated POME respectively. The COD removal efficiency by K. variicola for POME with pretreatment was 74% and that for untreated was 48%. These results showed that the power output and COD removal efficiency can be raised in significant amount using pretreated POME in MFC.
INTRODUCTION
Microbial fuel cell is promising technology which can be utilize both simple and complex substrates by using fermentative microorganisms. The contemporary world is confronting two major problems i) energy crisis ii) wastewater generation, which can be solved by exploiting MFC technology. Malaysia is largest producer of palm oil in the world after Indonesia [1] . Palm oil predominant agricultural products of Malaysia and constitutes half of the total world production [2] . POME is a hazardous liquid waste that comes out extraction of palm oil which constitutes specific characteristics of high biological oxygen demand (BOD 25 g/L), chemical oxygen demand (COD 53.6 g/L), total suspended solids (TSS 19 g/L) and low pH (3.5-4.0) [3] . To reduce POME hazards, several methods are being investigated such as chemical, physical and biological treatment [4] .
Application of MFCs to wastewater treatment and recovery of electricity appears potentially attractive alternative to traditional treatment processes in an optic of costs reduction. [5] . Energy needs are increasing day by day in contemporary world and in an effort to aid energy availability and also research efforts are being emphasized on substitute renewable energy sources. Conversion of biochemical energy to electrical energy using elctroactive microorganisms using MFCs is on of the most effective environmentally friendly renewable and sustainable technology [5, 6] and carbon neutral energy sources [7] . MFC is a eco-friendly technology that is capable of utlizing chemical energy into electrical energy using bacteria as a biocatalyst. Apart from the generation of electricity MFC is an effective solution for different types of wastewater treatment and in line with domestic energy production [8] .
Biological wastewater treatment has been used for bioelectricity generation due to chip production cost. Bioelectricity generation from wastewater using MFC is one of the environmentally friendly technologies which being improved continually to reduce high organic constituents. In MFC technology, microorganisms is used as a biocatalyst to oxidize organic contents through a biochemical process which generates certain amount of electricity. Pant et al. [9] used various substrates which can be used in MFC technology. The economic viability and also efficient waswatertreatment depend on the characteristics and components of the waste material [9] . The concentrations and chemical compositions of the wastewater that can be converted into products or fuels, which is major concern for establishment of potential bioelectrochemical systems [10] .
The aim of this research is to study and compare the amount of electricity generated and potentiality of wastewater treatment using pretreated (sonicated) POME and untreated POME. In this present work, a fermentative facultative anaerobe K. variicola was collected from city wastewater, as the biocatalyst to construct MFC. COD removal is also compared between two types of pretreated substrates.
II. METHODOLOGY

A. Source of microorganism and sample collection
Palm oil mill effluent (POME) samples were collected from a local palm oil mill factory in Kuantan, Pahang, Malaysia. The sample was collected from final discharge of POME as well as discharge tank. Wastewater was also collected from Kuantan city. All samples were stored in sterilized glass bottle at 4 0 C to minimize the degradation of samples by indigenous microbial activities, thus preserving the quality of the samples.
B. MFC configuration
The air cathode single chamber MFC was built with a cubic plexi glass which has a dimension of 5 cm x 5 cm (Shanghai, Sunny Scientific, China) and a total working volume of 20 mL. Carbon brush was directly used as anode electrode. The membrane electrode assembly (MEA) was placed at the front opening side of the cubic chamber by facing the membrane side to the anode substrate and the PACF side was faced to the air. The whole MFC setup was tighten up with screws. Titanium wire of 5 cm was inserted through the MEA. Electric circuit consisting of resistor was connected from the anode chamber of MFC to the cathode chamber. All experiments were conducted at room temperature. For POME characterization, required amount of sample was withdrawn from anode chamber after two weeks of MFC operation. The COD was determined using digestive solution HR (0 -1500 mg/L range; Hach, USA) and measured using a COD reactor ( ACH DRB 2 00, USA). C. Ultrasonic pretreatment of POME About 20 ml of POME wastewater was subjected into an Erlenmeyer flask. The sample was treated for 45 minutes using ultrasonic bath CREST ULTRASONICS (Model 690DAE; 45/60 KHz). The time frame was estimated based on pre-study which found the optimum result.
D. Isolation of potential electro-active bacteria from city wastewater
In most MFC research using pure culture bacteria, the bacteria is often isolated from the waste samples containing high population of bacteria. These bacteria are selected based on their ability to grow as biofilm on the anode in the fuel cell environment. For this study, the source of microorganisms was city wastewater. Enrichment of the cultures was carried out by preparing an overnight culture in LB broth (10% v/v) incubated at 370C with shaking at 150 rpm. The overnight culture (10% v/v) was used as inoculum in the anode compartment. After 14 days of MFC batch operation, the anode was taken out and placed in 0.1 M phosphate buffer and shaken vigorously to detach bacteria that grew as biofilm on the anode. The side of the anode was also carefully scraped and resuspended in phosphate buffer. The bacterial suspension was serially diluted and the pure culture bacteria were obtained using the spread plate technique. Biolog gene III was performed to partially identify the isolated bacteria.
E. Biolog gene III analysis
Biolog MicoPlate analyzes a microorganism in 94 phenotypic tests: 71 carbon source utilization assay (column 1-9) and 23 chemical sensitivity assays (column 10-12). The test panel provides a Phenotypic Fingerprint of the microorganism that can be used to identify it at the species level. All necessary nutrients and biochemical are prefilled and dried into 96 wells of the MicroPlate. Tetrazolium redox dyes are used to colorimetrically indicate utilization of the carbon sources or resistance to inhibitory chemicals. All of wells start out colourless when inoculated. During incubation there is increased respiration in the wells where cells can utilize a carbon source and/or grow. Increased respiration causes reduction of the tetrazolium redox dye, forming purple colour. Negative wells remain colourless, as does the negative control well (A1) with no carbon source. There is also a positive control well (A10) used as reference for the chemical sensitivity assai in coloumn 10-12. After incubation, the phenotypic fingerprint of purple wells is compare to Biolog's Database. If a match is found, a species level identification of the isolate is made [11] .
F. Power measurement and analyses
The voltage (V) and current (I) across an external rheostat (1 kΩ) in the MFC circuit was monitored (1 hour intervals) using a digital multimeter with data logger (Fluke 289 True RMS Multimeter, USA) connected to the computer through USB cable adapter. External resistance was varied from 50 to 20,000Ω using the rheostat (Crotech DRB-9, UK) to obtain polarization curve. Power density normalized by volume (PA, mW/m 3 ) were calculated using the following equations.
The COD removal efficiency (%) of single chamber MFC was calculated as described by Baranitharan et al. [12] and the CE of the complex substrates was calculated following Logan et al. [13] .
III. RESULTS AND DISCUSSION
A. Identification of predominant microorganisms in the biofilm
The single chambered air cathode MFC was set up to allow natural microorganisms from the city wastewater to grow under facultative anaerobic condition in the anode compartment. After the MFC was operated, the anode was taken out and it was noticed that biofilm was formed on the anodic electrode. Since the isolated bacteria was able to grow and survive in the MFC condition and produced electricity, there is a good possibility that the potential electro active bacteria are able to utilize the rich substrate in POME to generate electricity. Samples of the suspension and the biofilm (scraped from the anode) were taken and bacteria were isolated to obtain pure culture. The identification and characterization was done using Biolog gene III analysis. 
B. Performance of MFC with pretreated POME
Stable open circuit potential of 550-600 mV was achieved after overnight enrichment. The MFCs were continuously fed with pretreated POME as a substrate. As early as 2 days, the MFCs started to generate electrical current. A maximum closed circuit potential of 753 mV, which is equivalent to a current of 28.39 mA, was recorded after 10 days of enrichment. The MFCs were operated continuously for more than 10 days maximum power density and current density were recorded 1619.86 mW/m3 and 287.53 mA respectively. The anode effluent showed a maximum COD removal efficiency of 74.28%.
C. Performance of MFC with untreated POME
Stable open circuit potential of 450-550 mV was achieved continuously fed with untreated POME as a substrate after one day operation. After 2 days operation, the MFCs started to generate stable electrical current. A maximum closed circuit potential of 662 mV, which is equivalent to a current of 23.83 mA, was achieved after 10 days of enrichment. The MFCs were operated continuously for more than 10 days maximum power density and current density were recorded 1236.77 mW/m 3 and 216.72 mA respectively. The maximum COD removal efficiency was recorded 48.37%. Untreated POME Pretreated POME Figure 3 . Profile of current densities of MFC using pretreated and untreated POME with time under 1000 Ω resistance. 
D. COD removal efficiency
Analysis of the pretreated POME and untreated POME in MFC was evaluated by comparing wastewater parameters. The maximum COD removal efficiency was achieved 74% for pretreated POME as a substrate of MFC. On the other hand, untreated POME was achieved only 48.37% of COD removal efficiency. The COD removal using untreated POME was less than that of pretreated POME. The COD removals of the palm oil mill wastewater in the MFC system over time is shown in Fig. 5 . The figure shows that COD removal efficiency sharply increases with the increases of time in first cycle from day 1 to day 5, afterwards day 4 to day 12, COD removal efficiency achieved relatively lower than first cycle. Pretreated POME Untreated POME Figure 5 . Profile of COD removal efficiency of MFC using pretreated and untreated POME with time.
IV. CONCLUSION
Final discharge POME was successfully utilized to generate electricity in a single chambered MFC without the addition of nutrient. The use of K. variicola strain, which was isolated earlier from biofilm on the anode MFC using pretreated POME substrates showed significant electricity generation in MFC compared untreated POME substrate. Although treatment of POME was not efficient at present, efforts to improve the overall performance of the MFC is underway including reactor design, treatment parameters and operational process in order to ensure that MFC would deliver its promise as a potential source of renewable energy and treatment of wastewater.
